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MULTILAYER CERAMIC ELECTRONIC Another aspect of the present disclosure is to provide a 
COMPONENT multilayer ceramic electronic component which may pre 

vent defects such as an air gap between external electrodes , 
CROSS - REFERENCE TO RELATED delamination , and the like . 

APPLICATION ( S ) According to an aspect of the present disclosure , a mul 
tilayer ceramic electronic component includes a ceramic 

This application claims benefit of priority to Korean body including a dielectric layer and first and second inter 
Patent Application No. 10-2019-0161732 filed on Dec. 6 , nal electrodes stacked in a third direction with the dielectric 
2019 in the Korean Intellectual Property Office , the disclo- layer interposed therebetween , and including a first surface 
sure of which is incorporated herein by reference in its 10 and a second surface opposing each other in a third direc 
entirety . tion , a third surface and a fourth surface opposing each other 

in a second direction , and a fifth surface and a sixth surface BACKGROUND opposing each other in a first direction ; and first and second 
external electrodes disposed on the fifth surface and the sixth 1. Field surface of the ceramic body , respectively , the first and 
second external electrodes include the first and second The present disclosure relates to a multilayer ceramic 

electronic component . external electrodes include first and second base electrodes 
including a first conductive metal and reactive glass , in 

2. Description of Related Art 20 contact with the ceramic body , and first and second conduc 
tive layers including a second conductive metal , disposed on 

With the trend for reducing the sizes of electronic prod- the first and second base electrodes , wherein a nanostructure 
ucts , a multilayer ceramic electronic component has been may be disposed on surfaces of the first and second con 
required to have a reduced size and increased capacitance . In ductive layers . 
accordance with the demand for a reduced size and 25 
increased capacity of a multilayer ceramic electronic com BRIEF DESCRIPTION OF DRAWINGS 
ponent , an external electrode of a multilayer ceramic elec 
tronic component has also been designed to have a reduced The above and other aspects , features , and advantages of 
thickness . the present disclosure will be more clearly understood from 

To form such an external electrode , a paste for an external 30 the following detailed description , taken in conjunction with 
electrode may be prepared by mixing a general conductive the accompanying drawings , in which : 
metal with glass , a base resin , an organic solvent , and the FIG . 1 is a perspective diagram illustrating a multilayer 
like , the paste for an external electrode may be applied to ceramic electronic component according to an example 
both surfaces of a ceramic body , and the ceramic body may embodiment of the present disclosure ; 
be backed out such that a metal may be sintered in the 35 FIG . 2 is a perspective diagram illustrating the ceramic external electrode . The paste for an external electrode may body illustrated in FIG . 1 ; guarantee chip - sealing properties and electrical connectivity FIG . 3 is a cross - sectional diagram taken along line I - I ' in with a chip using a conductive metal as a main material , and FIG . 1 ; using glass as an auxiliary material , the paste may fill an FIG . 4 is an enlarged diagram illustrating region A empty space and may also provide cohesion force between 40 illustrated in FIG . 3 ; an external electrode and a chip when the metal is sintered 
and reduced . FIGS . 5a and 5b are enlarged diagrams illustrating exem 

However , as a multilayer ceramic electronic component is plary embodiments of region B illustrated in FIG . 3 ; 
designed to have a reduced size and increased capacitance , FIGS . 6a , 6b and 6c are SEM images of nanostructure 
the number of layers of internal electrodes may be designed 45 constructed by treating the first electrode with AgNO3 
to be increased to secure capacitance , and an upper cover solution with contact coating method for ( a ) 30 , ( b ) 150 , and 
layer may be designed to have a reduced thickness . Accord- ( c ) 300 seconds according to an example embodiment of the 
ingly , an external electrode may have a reduced size , and present disclosure ; 
when an external electrode having a multilayer structure is FIGS . 7a , 76 and 7c are SEM images of nanostructure 
applied , a thickness of each layer of the external electrodes 50 constructed by treating the first electrode by dip coating 
may further be reduced . method with AgNO3 solution for ( a ) 30 , ( b ) 150 , and ( c ) 300 
A multilayer ceramic electronic component in which an seconds according to an example embodiment of the present 

external electrode having a multilayer structure as above is disclosure ; 
applied , however , may be vulnerable to external physical FIGS . 8a and 8b are SEM images of cross - sectional and chemical impacts , and may cause degradation of prod- 55 surface comprised of first and second , electrode in ( a ) low uct quality due to degradation of mechanical strength . magnification and , ( b ) high magnification images of Ag 

nanostructures constructed in between first and second elec SUMMARY trode according to an example embodiment of the present 
disclosure ; An aspect of the present disclosure is to provide a 60 

multilayer ceramic electronic component in which cohesion FIGS . 9a and 9b are SEM images of Ag - nanostructures 
force between external electrodes layered in order in a constructed on the first electrode . ( a ) Ag nanostructures 
multilayer structure may improve even when the external present in between first and second electrode bridging each 
electrode has a reduced thickness . other to provide additional electrical pathway . ( b ) Ag nano 

Another aspect of the present disclosure is to provide a 65 structures coated and filling the pores of outer electrode 
multilayer ceramic electronic component having improved according to an example embodiment of the present disclo 
mechanical strength . 
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FIG . 10 is a graph illustrating ESR properties of a a length , a width , and a height has several nm to several tens 
multilayer ceramic electronic component according to an of um . The nanostructure 140 may include a one dimen 
example embodiment of the present disclosure . sional , a two dimensional and / or a three dimensional struc 

ture . As the nanostructure 140 is disposed on surfaces of the 
DETAILED DESCRIPTION 5 first and second conductive layers 1316 and 132b applied to 

the multilayer ceramic electronic component in the example 
Hereinafter , embodiments of the present disclosure will embodiment , surface roughness of the first and second be described as follows with reference to the attached conductive layers 131b and 132b may increase . drawings . A shape of the ceramic body 110 may not be limited to any It should be understood that the following exemplifying 10 particular shape , and the ceramic body 110 may have a description of the present disclosure is not intended to hexahedral shape or a shape similar to a hexahedron , as restrict the present disclosure to specific forms of the present illustrated in FIGS . 1 and 2. Due to contraction of ceramic disclosure but rather the present disclosure is meant to cover 

all modifications , similarities and alternatives which are powder particles included in the ceramic body 110 during a 
included in the spirit and scope of the present disclosure . The 15 sintering process , the ceramic body 110 may not have an 
same elements will be indicated by the same reference exactly hexahedral shape with straight lines , but may have 
numerals . a substantially hexahedral shape . The ceramic body 110 may 

For clarity of description , some elements may be omitted have the first and second surfaces S1 and S2 opposing each 
or briefly illustrated , and thicknesses of elements may be other in a thickness direction ( Z direction ) , the third and 
magnified to clearly represent layers and regions . 20 fourth surfaces S3 and S4 connected to the first and second 

The terms , “ include , " " comprise , ” “ is configured to , ” etc. surfaces S1 and S2 and opposing each other in a width 
of the description are used to indicate the presence of direction ( Y direction ) , and the fifth and sixth surfaces S5 
features , numbers , steps , operations , elements , parts or com- and S6 connected to the first and second surfaces S1 and S2 
bination thereof , and do not exclude the possibilities of and the third and fourth surfaces S3 and S4 and opposing 
combination or addition of one or more features , numbers , 25 each other in a length direction ( X direction ) . 
steps , operations , elements , parts or combination thereof . The ceramic body 110 may be formed by alternately 

In example embodiments , the expressions “ A or B , ” “ at layering a ceramic green sheet on which the first internal 
least one of A or / and B , ” or “ one or more of A or / and B ” may electrode 121 is printed on the dielectric layer 111 and a 
include any possible combinations with other listed items . ceramic green sheet on which the second internal electrode 
For example , “ A or B , ” “ at least one of A or / and B , " or " one 30 122 is printed on the dielectric layer 111 in the thickness 
or more of A or / and B ” may refer to ( 1 ) including at least one direction ( Z direction ) . 
A , ( 2 ) including at least one B , or ( 3 ) including at least one In the ceramic body 110 , the dielectric layer 111 and the 
A and at least one B. first and second internal electrodes 121 and 122 may be 

In the diagram , an X direction may be defined as a first alternately layered in the third direction . The plurality of 
direction , an L direction , or a length direction , a Y direction 35 dielectric layers 111 included in the body 110 may be in a 
may be defined as a second direction , a W direction , or a sintered state , and the dielectric layers 111 may be integrated 
width direction , and a Z direction may be defined as a third such that it may be difficult to identify boundaries between 
direction , a T direction , or a thickness direction . adjacent dielectric layers 111 without using a scanning 

In the description below , a multilayer ceramic electronic electron microscope ( SEM ) . 
component 100 will be described in accordance with an 40 In the example embodiment , a material of the dielectric 
example embodiment with reference to FIGS . 1 to 5 . layer 111 may not be limited to any particular material as 

Referring to FIGS . 1 to 5 , a multilayer ceramic electronic long as sufficient capacitance can be obtained therewith . For 
component 100 may include a ceramic body 110 including example , the dielectric layer 111 may be formed using a 
a dielectric layer 111 and first and second internal electrodes barium titanate material , a Perovskite material compound 
121 and 122 stacked in a third direction with the dielectric 45 with lead , a strontium titanate material , or the like . 
layer 111 interposed therebetween , and including first and Also , as the material of the dielectric layer 111 , a barium 
second surfaces S1 and S2 opposing each other in the third titanate ( BaTiO3 ) powder , or the like , including various 
direction ( a Z direction ) , third and fourth surfaces S3 and S4 ceramic additives , organic solvents , coupling agents , dis 
opposing each other in a second direction ( a Y direction ) , persing agents , and the like , may be used depending on an 
and fifth and sixth surfaces S5 and S6 opposing each other 50 intended purpose . 
in a first direction ( an X direction ) ; and first and second For example , the dielectric layer 111 may be formed by 
external electrodes 131 and 132 disposed on the fifth surface disposing a plurality of ceramic sheets formed by applying 
S5 and the sixth surface S6 of the ceramic body 110 , slurry including powder such as barium titanate ( BaTiO3 ) on 
respectively , and the first and second external electrodes 131 a carrier film and drying the slurry . The ceramic sheet may 
and 132 may include first and second base electrodes 131a 55 be formed by manufacturing slurry formed from a mixture 
and 132a including a first conductive metal and reactive of a ceramic powder , a binder , and a solvent and manufac a 
glass , in contact with the ceramic body 110 , and may include turing a sheet having a thickness of a several um using the 
first and second conductive layers 1316 and 132b including slurry through a doctor blade process , but an example 
and a second conductive metal , disposed on the first and embodiment thereof is not limited thereto . 
second base electrodes 131a and 132a . In the multilayer ceramic electronic component in the 
A nanostructure 140 may be disposed on surfaces of the example embodiment , the internal electrodes 121 and 122 

first and second conductive layers 131b and 132b . The may be alternately layered to oppose each other with the 
surfaces of the first and second conductive layers 131b and dielectric layer 111 interposed therebetween . The internal 
132b on which the nanostructure 140 are disposed are the electrodes 121 and 122 may include the first and second 
surfaces on which the terminal electrodes are disposed . In 65 internal electrodes 121 and 122 alternately disposed to 
example embodiments , the term “ nanostructure ” may refer oppose each other with the dielectric layer 111 interposed 
to a fine structure that has a monomer size in which each of therebetween . 
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The first internal electrode 121 may be exposed to one direction ) . The first external electrode 131 may be connected 
surface of the ceramic body 110 taken in the first direction to the first internal electrode 121 , and the second external 
( X direction ) , and a portion of the first internal electrode 121 electrode 132 may be connected to the second internal 
exposed to the one surface taken in the first direction ( X electrode 122. The first external electrode 131 and the 
direction ) may be connected to the first external electrode 5 second external electrode 132 may be disposed on the fifth 
131. The second internal electrode 122 may be exposed to surface S5 and the sixth surface S6 of the ceramic body 110 , 
the other surface of the ceramic body 110 taken in the first respectively , may include a first conductive metal and reac 
direction ( X direction ) , and a portion of the second internal tive glass , may include the first base electrode 13la and the 
electrode 122 exposed to the other surface taken in the first second base electrode 132a in contact with the ceramic body 
direction ( X direction ) may be connected to the second 10 110 , and the second conductive metal , and may include the 
external electrode 132. The first and second internal elec- first conductive layer 131b and the second conductive layer 
trodes 121 and 122 may be electrically separated from each 132b disposed on the first base electrode 131a and the 
other by the dielectric layer 111 interposed therebetween . second base electrode 132a , respectively . 
A material of the first and second internal electrodes 121 In an example embodiment , the nanostructure disposed on 

and 122 may not be limited to any particular material , and 15 surfaces of the first and second conductive layers may 
may be formed using a conductive paste including one or include one or more of the nanostructure 140 selected from 
more materials selected from the group consisting of silver a group consisting of a nanoparticle , a nanowire , a nanorod , 
( Ag ) , palladium ( Pd ) , gold ( Au ) , platinum ( Pt ) , nickel ( Ni ) , a nanosheet , a nanobelt , a nanodisk , a nanotube , and a 
copper ( Cu ) , tin ( Sn ) , tungsten ( W ) , titanium ( Ti ) , and alloys nanotetrapod . FIG . 4 is an enlarged diagram illustrating 
thereof . As a method of printing the conductive paste , a 20 region A illustrated in FIG . 3. Referring to FIG . 4 , the 
screen - printing method , a gravure printing method , or the nanostructures 140 may be one example of the nanostruc 
like , may be used , but the printing method is not limited tures , and a single shape structure or various shapes of 
thereto . structures may be disposed on surfaces of the first and 

In the multilayer ceramic electronic component in the second conductive layers . The nanostructure may be formed 
example embodiment , margin portions may be disposed on 25 by liquid reduction , which will be described later , may have 
both surfaces of the ceramic body 110 in the second direc- a randomly selected shape , and may have one or more 
tion . The margin portions may be disposed on both surfaces shapes of the structures described above . When the nano 
of the ceramic body 110 taken in the second direction ( Y structure 140 is disposed on the surfaces of the first and 
direction ) perpendicular to the first and third directions ( X second conductive layers 1316 and 132b of the example 
direction and Z direction ) , respectively . The margin portions 30 embodiment , an anchoring effect may be implemented due 
may prevent damage to an internal electrode caused by to the nanostructure 140 such that cohesion force with a 
physical or chemical stress . terminal electrode may improve . 

The margin portions may be formed of an insulating In the example embodiment , an average surface rough 
material , and may be formed of a ceramic material such as ness ( Ra ) of the first and second conductive layers 131b and 
barium titanate , or the like . In this case , the margin portions 35 132b may be 13.0 um or greater . In the example embodi 
may include the same ceramic material as the ceramic ment , an average surface roughness ( Ra ) of one surface may 
material included in the dielectric layer 111 , or may be be measured using an optical surface profiler such as a 7300 
formed of the same material as the material of the dielectric Optical Surface Profiler of Zygo Corporation or using a 
layer 111 . surface roughness measuring device SV - 3200 of Mitutoyo , 
A method of forming the margin portions is not limited to 40 or the like . An upper limit of the average surface roughness 

any particular method . For example , an area of the dielectric ( Ra ) of the first and second conductive layers 131b and 132b 
layer included in the ceramic body 110 may be configured to of the multilayer ceramic electronic component may not be 
be greater than an area of the internal electrode , and a margin limited to any particular example , and may be 100 um or 
region may be formed on a circumferential portion of the less , for example . When the average surface roughness ( Ra ) 
internal electrode other than a portion connected to the 45 of the first and second conductive layers 1316 and 1326 
external electrode , may be formed by applying slurry includ- satisfy the above - mentioned range , contact properties with 
ing ceramic , or may be formed by attaching a dielectric sheet the first and second base electrodes 131a and 132a may 
on both surfaces of the ceramic body 110 taken in the second improve , and cohesion force with first and second terminal 
direction ( Y direction ) . electrodes 1310 and 132c may improve . 

The multilayer ceramic electronic component in the 50 The first and second external electrodes 131 and 132 may 
example embodiment may include a cover portion . The include the first and second base electrodes 131a and 132a 
cover portion may be disposed in an outermost region of including the first conductive metal and reactive glass , and 
each of the first and second internal electrodes 121 and 122 . the first and second conductive layers 131b and 132b 
The cover portion may be disposed on a lower portion of a disposed on the first and second base electrodes 131a and 
lowermost internal electrode and an upper portion of an 55 132a and including a second conductive metal , respectively . 
uppermost internal electrode . The cover portion may have a The first conductive metal and the second conductive metal 
composition the same as a composition of the dielectric may be different from each other , and the reactive glass and 
layer 111 , and may be formed by layering at least one the second conductive metal may include different elements . 
dielectric layer which does not include an internal electrode In the example embodiment , the statement that the first 
on the upper portion of an uppermost internal electrode and 60 conductive metal and / or the reactive glass is different from 
the lower portion of a lowermost internal electrode of the the second conductive metal may indicate that the first 
ceramic body 110. The cover portion may prevent damage to conductive metal and / or the reactive glass and the second 
an internal electrode caused by physical or chemical stress . conductive metal are different compounds , and that the 

In the multilayer ceramic electronic component in the second conductive metal does not include an ingredient the 
example embodiment , the first external electrode 131 and 65 same as the first conductive metal and / or the reactive glass . 
the second external electrode 132 may be disposed on both In an example embodiment , the first conductive metal and / or 
surfaces of the ceramic body taken in the first direction ( X the reactive glass included in the first and second base 
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electrodes 131a and 132a may include copper ( Cu ) , and in second conductive metal is melted in the form of ions , the 
this case , the second conductive metal may not include second conductive metal may be reduced and precipitated on 
copper ( Cu ) . the first base electrode 131a and the second base electrode 

The first conductive metal included in the first base 132a . The second conductive metal precipitated on the first 
electrode 131a and the second base electrode 132a may be 5 base electrode 131a and the second base electrode 132a may 
copper ( Cu ) , but an example embodiment thereof is not form an irregular nanostructure , may have a nanostructure limited thereto . For example , the metal may be one or more form , and may form the first conductive layer 131b and the conductive metals from among nickel ( Ni ) , tin ( Sn ) , palla second conductive layer 1326. Accordingly , the first con dium ( Pd ) , platinum ( Pt ) , gold ( Au ) , silver ( Ag ) , tungsten ductive layer 131b and the second conductive layer 132b ( W ) , titanium ( Ti ) , lead ( Pb ) , and alloys thereof . may be reduction layers of the second conductive metal . In the example embodiment , the first base electrode 131a 
and the second base electrode 132a may include the first The redox reaction in an aqueous solution of a certain 
conductive metal and reactive glass . In the example embodi- material may be performed randomly on a surface of a 
ment , the reactive glass may refer to a glass element which material having a solid phase . For example , when the first 
may chemically react with a metal . The reactive glass may 15 base electrode 131a and the second base electrode 132a 
be an element which may react with the second conductive including the reactive glass is immersed in an aqueous 
metal of the first and second conductive layers . solution in which the second conductive metal having a 

In an example embodiment , average surface roughness standard reduction potential higher than that of the reactive 
( Ra ) of the first base electrode 131a and the second base glass is melted , the reactive glass of the first base electrode 
electrode 132a may be 1.0 um or greater . An upper limit of 20 131a and the second base electrode 132a may be randomly 
the average surface roughness ( Ra ) of the first base electrode oxidized , and the second conductive metal may be randomly 
131a and the second base electrode 132a may not be limited reduced on the first base electrode 13la and the second base 
to any particular example , and may be 100 um , for example . electrode 132a . In this case , the first conductive layer 131b When the average surface roughness ( Ra ) of the first base 
electrode 131a and the second base electrode 132a satisfies 25 base electrode 131a and the second base electrode 132a may and the second conductive layer 132b reduced on the first 
the above - mentioned range , adhesive properties with the be a single composition layer of the second conductive first conductive layer 131b and the second conductive layer 
132b may improve . metal . Also , as the reactive glass included in the first base 

electrode 131a and the second base electrode 132a is In the example embodiment , a standard reduction poten tial of the second conductive metal included in the first 30 randomly oxidized , surfaces of the first base electrode 131a 
conductive layer 131b and the second conductive layer 132b and the second base electrode 132a may have the above 
may be higher than a standard reduction potential of the mentioned average surface roughness ( Ra ) . 
reactive glass . In the example embodiment , a standard In an example embodiment , the second conductive metal 
reduction potential may refer to a potential of when activity applied to the first and second conductive layers 131b and 
of all chemical species participating in redox reaction is 1 35 132b may not be limited to any particular example as along 
under conditions of 25 ° C. , an electrolyte concentration of as the above - mentioned standard reduction potential is sat 1M , and atmospheric pressure of 1 , and may refer to a value isfied . As an example of the second conductive metal , measured based on a standard hydrogen electrode of 0.00V . although not limited thereto , silver ( Ag ) , platinum ( Pt ) , gold A standard reduction potential may indicate relative ten ( Au ) , tin ( Sn ) , and / or iron ( Fe ) , or the like , may be used . dency of reduction / oxidation between different materials , 40 However , an example embodiment thereof is not limited and the higher the standard reduction potential , the stronger thereto , and a conductive metal having a standard reduction the tendency for reduction , and the lower the standard 
reduction potential , the stronger the tendency for oxidation . potential higher than that of the reactive glass applied to the 
Accordingly , in the example embodiment , the statement in first and second base electrodes 131a and 132a may be used . 
which a standard reduction potential of the second conduc- 45 In an example embodiment , the reactive glass may 
tive metal is higher than that of the reactive glass may include one or more elements selected from a group con 
indicate that the reactive glass may have a strong tendency sisting of silicon ( Si ) , boron ( B ) , aluminum ( Al ) , a transition 
for oxidation , and the second conductive metal has a strong metal , an alkali metal , an alkali earth metal , and an oxide , a 
tendency for reduction . nitride , a carbide , and a carbonate thereof , but an example 

In an example embodiment , a standard reduction potential 50 embodiment thereof is not limited thereto . The transition 
of the second conductive metal of the multilayer ceramic metal may be selected from a group consisting of zinc ( Zn ) , electronic component in the example embodiment may be titanium ( Ti ) , copper ( Cu ) , vanadium ( V ) , manganese ( Mn ) , 0.1 V or higher . A standard reduction potential of the second iron ( Fe ) , and nickel ( Ni ) , the alkali metal may be selected conductive metal may be 0.1 V or higher , 0.15 V or higher , from a group consisting of lithium ( Li ) , sodium ( Na ) , 0.20 V or higher , 0.25 V or higher or 0.30 V or higher , and 55 potassium ( K ) , and the alkali earth metal may be selected may be 2.87 V or less or 1.99 V or less . As the standard 
reduction potential of the second conductive metal satisfies from a group consisting of manganese ( Mn ) , calcium ( Ca ) , 
the above - mentioned range , the first and second conductive strontium ( Sr ) , and barium ( Ba ) . 
layers may be formed , and cohesion force between the first A method of forming the first and second base electrodes 
and second conductive layers 131b and 132b and first and 60 131a and 132a is not limited to any particular method . For 
second terminal electrodes 131a and 132a may improve . example , various methods such as a method of dipping the 
When the second conductive metal has a standard reduc- ceramic body in conductive paste including the first con 

tion potential higher than that of the reactive glass , the ductive metal and the reactive glass , a method of printing the 
second conductive metal may be reduced on the reactive conductive paste on a surface of the ceramic body by a 
glass . For example , when the ceramic body 110 on which the 65 screen printing method or a gravure printing method , a 
first base electrode 131a and the second base electrode 132a method of applying the conductive paste on a surface of the 
are disposed is immersed in an aqueous solution in which the ceramic body , or a method of transferring a dried film 

a 

a 

a 
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formed by drying the conductive past on the ceramic body of 0.02 M , and it was observed that a nanostructure started 
may be used , but an example of the method is not limited being formed on a surface of the external electrode after 30 
thereto . seconds elapsed , and that a nanos ucture was distinct after In the example embodiment , the multilayer ceramic elec 
tronic component may include the first terminal electrode 150 seconds or more . Also , referring to FIGS . 7a , 76 and 7c , 
131c disposed on the first conductive layer 131b and the after 300 seconds after the chip was immersed in the silver 
second terminal electrode 132c disposed on the second nitrate solution , a nanostructure was also formed even in the 
conductive layer 132b . The first and second terminal elec- case in which a molar concentration was 0.01 M. 

9 
5 

TABLE 1 

Process 
Condition 

Reaction Molar 
Concentration 

of silver 

Interfacial 
Air Gap in 
Primary 

Surface Electrical Secondary 
Reaction Roughness Properties External Example Reaction Method 

Embodiment Dipping Contact nitrate ( M ) Time ( min ) ( Rai um ) ( ESR : m2 ) Electrodes 
1 
2 
3 
4 
5 

X 
X 
X 

ON A WN 

0.005M 
0.01M 
0.02M 
0.05M 

0.005M 
0.01M 
0.02M 
0.05M 

5 min 
5 min 
5 min 
5 min 
5 min 
5 min 
5 min 
5 min 

6.5 um 
7.8 um 

12.7 um 
17.3 um 
6.1 um 
7.2 um 
11.7 um 
15.3 um 

6.2 m2 
6.0 mg 
5.9 m2 
4.1 m 2 
7.1 m? 
6.8 m2 
5.1 m 2 
3.5 m2 

NG 
NG 
NG 
OK 
NG 
NG 
OK 
OK 

6 
7 
8 

X 
X 
X 
X 

25 

30 

35 

trodes 131c and 132c may be formed using conductive paste Table 1 lists results of an experiment in which a molar 
including a conductive metal , may be formed by transferring concentration of the silver nitrate solution was varied and 
a dried film formed by drying the conductive past on the different methods for reaction between the external electrode 
ceramic body , or may be formed using a sputtering process and silver nitrate solution were used . In Table 1 , as for 
or electric deposition , but an example embodiment thereof is Dipping , the chip was immersed in the silver nitrate solution 
not limited thereto . for the reaction , and as for Contact , the chip was disposed 

Amaterial of the first and second terminal electrodes 1310 for only the external electrode to be in contact with the silver 
and 132c is not limited to any particular material , and may nitrate solution for the reaction . As for Interfacial Air Gap in 
include nickel ( Ni ) , copper ( Cu ) , tin ( Sn ) , palladium ( Pd ) , Primary - Secondary External Electrodes , the terminal elec 
platinum ( Pt ) , gold ( Au ) , silver ( Ag ) , tungsten ( W ) , titanium trode was formed in the chip in which first and second 
( Ti ) , lead ( Pb ) , and alloys thereof . By including the first and conductive layers are formed , and whether an air gap was 
second terminal electrodes 131c and 132c , mounting prop- formed in the terminal electrode was observed . 
erties , structural reliability , durability against external ele- As indicated in Table 1 , even when the silver nitrate 
ments , thermal resistance and / or equivalent series resistance 40 solution was 0.02M , high surface roughness and improved 
( ESR ) may improve . electrical properties were implemented , and when the sur 

face roughness was 13.0 um or higher , an air gap in the 
Experimental Example primary - secondary external electrode was prevented . 

FIGS . 8 and 9 are SEM images of a cross - sectional 
A multilayer ceramic electronic component ( MLCC ) chip 45 surface on which a terminal electrode is formed after the 

including an external electrode that includes copper ( Cu ) as terminal electrode is formed in a chip for which a surface 
a first conductive metal and including Bao , CaO , ZnO , process was completed using a silver nitrate solution . As 
Al2O3 , B203 , and SiO2 as reactive glass was prepared . To illustrated in FIGS . 8 and 9 , in a multilayer ceramic elec 
form a conductive layer on the external electrode of the tronic component in the example embodiment , the primary 
MLCC chip , silver nitrate ( AgNO3 ) was dissolved in water 50 secondary external electrode was configured to have high 
in molar concentration of 0.02 M , thereby preparing a silver roughness such that the terminal electrode disposed on an 
nitrate solution . The MLCC chip was disposed to be in outermost region may be formed on a fine structure . Also , 
contact with the prepared silver nitrate solution at room when the surface process was performed using a silver 

nitrate solution , as illustrated in FIG . 10 , by improving temperature ( 25 ° C. ) , and after five minutes , it was observed 
that a conductive layer was formed on an external electrode . 55 contact between the external electrodes , electrical properties ( ESR properties ) may improve . FIGS . 6a , 6b and 6c are SEM images of a surface of the According to the aforementioned example embodiments , external electrode after 30 seconds , 150 seconds , and 300 a multilayer ceramic electronic component having a reduced seconds have elapsed since the chip was in contact with thickness and having improved cohesion force between silver nitrate having a molar concentration of 0.02 M. FIGS . 60 external electrodes may be provided . 7a , 76 and 7c are an SEM image of a surface of the external Also , a multilayer ceramic electronic component having 
electrode after immersing the chip in the silver nitrate improved mechanical strength may be provided . 
solutions having a molar concentration of 0.01 M , 0.02 M , Further , a multilayer ceramic electronic component which 
and 0.05 M for five minutes under the same conditions as in may prevent an air gap between external electrodes and 
FIGS . 7a , 7b and 7c . 65 delamination may be provided . 

Referring to FIGS . 6a , 6b and 6c , the chip was in contact While the example embodiments have been shown and 
with the silver nitrate solution having a molar concentration described above , it will be apparent to those skilled in the art 

a 
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that modifications and variations could be made without ( Sn ) , palladium ( Pd ) , platinum ( Pt ) , gold ( Au ) , silver ( Ag ) , 
departing from the scope of the present disclosure as defined tungsten ( W ) , titanium ( Ti ) , lead ( Pb ) , and alloys thereof . 
by the appended claims . 12. The multilayer ceramic electronic component of claim 

1 , wherein an average surface roughness , Ra , of the first and 
What is claimed is : 5 second base electrodes is 100 um or lower . 
1. A multilayer ceramic electronic component , compris- 13. The multilayer ceramic electronic component of claim 

ing : 1 , wherein a standard reduction potential of the second 
a ceramic body including a dielectric layer and first and conductive metal is 0.15 V or higher . 

second internal electrodes stacked in a third direction 14. The multilayer ceramic electronic component of claim with the dielectric layer interposed therebetween , and 10 1 , wherein a standard reduction potential of the second including a first surface and a second surface opposing conductive metal is 0.20 V or higher . each other in the third direction , a third surface and a 
fourth surface opposing each other in a second direc 15. The multilayer ceramic electronic component of claim 
tion , and a fifth surface and a sixth surface opposing 1 , wherein a standard reduction potential of the second 

conductive metal is 0.25 V or higher . each other in a first direction ; and 
first and second external electrodes disposed on the fifth 16. The multilayer ceramic electronic component of claim 

surface and the sixth surface of the ceramic body , 1 , wherein a standard reduction potential of the second 
respectively , conductive metal is 0.30 V or higher . 

wherein the first and second external electrodes include 17. The multilayer ceramic electronic component of claim 
first and second base electrodes including a first con- 20 1 , wherein a standard reduction potential of the second 
ductive metal and reactive glass , in contact with the conductive metal is 2.87 V or less . 
ceramic body , and first and second conductive layers 18. The multilayer ceramic electronic component of claim 
including a second conductive metal , disposed on the 1 , wherein standard reduction potential of the second 
first and second base electrodes , respectively , conductive metal is 1.99 V or less . 

wherein a nanostructure is disposed on surfaces of the first 25 19. The multilayer ceramic electronic component of claim 
and second conductive layers , and 1 , wherein the nanostructure disposed on the surfaces of the 

wherein the first and second conductive layers include one first and second conductive layers directly contacts the first or more nanostructures selected from a group consist and second base electrodes , respectively . ing of a nanoparticle , a nanowire , a nanorod , a 20. The multilayer ceramic electronic component of claim 
nanosheet , a nanobelt , a nanodisk , a nanotube , and a 30 10 , wherein the nanostructure disposed on the surfaces of the nanotetrapod . first and second conductive layers directly contacts the first 2. The multilayer ceramic electronic component of claim and second terminal electrodes , respectively . 1 , wherein an average surface roughness , Ra , of the first and 

second conductive layers is 13.0 um or greater . 21. A multilayer ceramic electronic component , compris 
ing : 3. The multilayer ceramic electronic component of claim 35 

1 , wherein the first and second conductive layers include an a ceramic body including a dielectric layer and first and 
second internal electrodes stacked in a third direction ingredient different from the reactive glass . 

4. The multilayer ceramic electronic component of claim with the dielectric layer interposed therebetween , and 
1 , wherein the second conductive metal has a standard including a first surface and a second surface opposing 
reduction potential higher than a standard reduction poten- 40 each other in the third direction , a third surface and a 
tial of the reactive glass . fourth surface opposing each other in a second direc 

5. The multilayer ceramic electronic component of claim tion , and a fifth surface and sixth surface opposing 
3 , wherein a standard reduction potential of the second each other in a first direction ; and 
conductive metal is 0.1 V or higher . first and second external electrodes disposed on the fifth 

6. The multilayer ceramic electronic component of claim 45 surface and the sixth surface of the ceramic body , 
1 , wherein the first and second conductive layers are con respectively , 
figured as reduction layers of the second conductive metal . wherein the first and second external electrodes include 

7. The multilayer ceramic electronic component of claim first and second base electrodes including a first con 
1 , wherein the first and second conductive layers are con ductive metal and reactive glass , in contact with the 
figured as single composition layers of the second conduc- 50 ceramic body , and first and second conductive layers 
tive metal . including a second conductive metal , disposed on the 

8. The multilayer ceramic electronic component of claim first and second base electrodes , respectively , 
1 , wherein the reactive glass includes one or more elements wherein a nanostructure is disposed on surfaces of the first 
selected from a group consisting of silicon ( Si ) , boron ( B ) , and second conductive layers , and 
aluminum ( Al ) , a transition metal , an alkali metal , an alkali 55 wherein the nanostructure disposed on the surfaces of the 
earth metal , and an oxide , a nitride , a carbide , and a first and second conductive layers directly contacts the 
carbonate thereof . first and second base electrodes , respectively . 

9. The multilayer ceramic electronic component of claim 22. A multilayer ceramic electronic component , compris 
1 , wherein an average surface roughness , Ra , of the first and ing : 
second base electrodes is 1.0 um or greater . a ceramic body including a dielectric layer and first and 

10. The multilayer ceramic electronic component of claim second internal electrodes stacked in a third direction 
1 , further comprising : with the dielectric layer interposed therebetween , and 

first and second terminal electrodes configured to cover including a first surface and a second surface opposing 
the first and second conductive layers , respectively . each other in the third direction , a third surface and a 

11. The multilayer ceramic electronic component of claim 65 fourth surface opposing each other in a second direc 
1 , wherein the first conductive metal includes at least one tion , and a fifth surface and a sixth surface opposing 
metal selected from a group consisting of nickel ( Ni ) , tin each other in a first direction ; 
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first and second external electrodes disposed on the fifth 
surface and the sixth surface of the ceramic body , 
respectively ; and 

first and second terminal electrodes disposed on the first 
and second external electrodes , respectively , 

wherein the first and second external electrodes include 
first and second base electrodes including a first con 
ductive metal and reactive glass , in contact with the 
ceramic body , and first and second conductive layers 
including a second conductive metal , disposed on the 10 
first and second base electrodes , respectively , 

wherein a nanostructure is disposed on surfaces of the first 
and second conductive layers , 

wherein the first and second terminal electrodes are 
configured to cover the first and second conductive 15 
layers , respectively , and 

wherein the nanostructure disposed on the surfaces of the 
first and second conductive layers directly contacts the 
first and second terminal electrodes , respectively . 

20 


